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Abstract
Background/Aims: Age-related cognitive decline is a pervasive problem in our aging population. To date, no pharmacological treatments to halt or reverse cognitive decline are available. Behavioral interventions, such as physical exercise
and Mindfulness-Based Stress Reduction, may reduce or reverse cognitive decline, but rigorously designed randomized
controlled trials are needed to test the efficacy of such interventions.
Methods: Here, we describe the design of the Mindfulness, Education, and Exercise study, an 18-month randomized
controlled trial that will assess the effect of two interventions—mindfulness training plus moderate-to-vigorous intensity
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exercise or moderate-to-vigorous intensity exercise alone—compared with a health education control group on cognitive function in older adults. An extensive battery of biobehavioral assessments will be used to understand the mechanisms of cognitive remediation, by using structural and resting state functional magnetic resonance imaging, insulin
sensitivity, inflammation, and metabolic and behavioral assessments.
Results: We provide the results from a preliminary study (n = 29) of non-randomized pilot participants who received
both the exercise and Mindfulness-Based Stress Reduction interventions. We also provide details on the recruitment
and baseline characteristics of the randomized controlled trial sample (n = 585).
Conclusion: When complete, the Mindfulness, Education, and Exercise study will inform the research community on
the efficacy of these widely available interventions improve cognitive functioning in older adults.
Keywords
Meditation, aerobic exercise, aging, elderly, intervention study

Introduction
Age-associated cognitive decline is a widespread,
urgent, and growing public health issue worldwide, and
most older adults experience deteriorating cognitive
function. This deterioration particularly affects memory and cognitive control (also called executive function), both of which are key to participating and
engaging in meaningful daily activities. As awareness
of this issue has grown, more research is being conducted to develop novel interventions to remediate agerelated cognitive decline. Behavioral interventions such
as physical activity/exercise, mindfulness, sleep therapy,1 and cognitive training2 are being tested as ways
to reverse or slow age-related cognitive decline. These
approaches can potentially drive beneficial plasticity in
the brain, particularly those regions involved in cognitive functions such as memory or executive function,
and are widely available, inexpensive, and scalable. For
example, mindfulness training is already available in
every major city in the United States and can even be
conducted online or via phone apps. The Mindfulness,
Education, and Exercise (MEDEX) study focuses on
two such broadly available interventions: exercise and
mindfulness.
The evidence supporting exercise as a promising
intervention is particularly compelling. For many years,
observational studies have shown links between physical activity, cognition, and brain health.3,4 More
recently, randomized clinical trials have provided evidence that increasing physical activity can improve cognitive performance.5 However, many of these studies
were conducted in a small number of participants and
did not have a supervised or structured exercise intervention, and the participant populations varied among
studies. Current research suggests that physical activity
can improve cognitive function by increasing peripheral
and central nervous system insulin sensitivity, aerobic
capacity, Brain-Derived Neurotrophic Factor,6,7 hippocampal volume, and synaptic density.8–15 All these
mechanisms support the need for translational research

regarding neurobiological mechanisms leading to cognitive improvements with exercise training.
In recent years, mindfulness training has emerged as
a novel intervention that can provide a variety of benefits, including boosting immunity16 and lowering blood
pressure.17 Newer still is the idea that mindfulness
training might remediate cognitive difficulties in older
adults.18 Various types of mindfulness programs exist,
but Mindfulness-Based Stress Reduction (MBSR) is
readily adaptable for large-scale research because it
involves an established protocol, following a onceweekly, 8-week program with planned lessons and content, is widely available in community settings, and is
designed to be taught in a group format. In MBSR,
participants are taught to train their attention on the
present moment, rather than letting their mind wander
to the past or future. It has been posited that MBSR
improves cognitive function by two main mechanisms:
(1) enhanced attentional processes,19 which produces
changes in brain circuitry20–24 that are associated with
age-related decline;25 and (2) decreased stress and
improved psychological health,26–33 which can have
favorable physiological effects such as reducing
hypothalamic-pituitary-adrenal axis hyperactivity and
inflammation, with downstream beneficial effects on
brain health34 and cognitive functioning.35–41
The putative mechanisms involved in the therapeutic
effects of physical activity and mindfulness interventions on cognitive function are distinct but related
(Figure 1). Therefore, we hypothesized that the combination of exercise and mindfulness training would be
more efficacious, by either additive or synergistic
mechanisms, in remediating age-related cognitive
decline than either therapy alone.42 There is growing
interest in combining exercise and mindfulness training
to increase their benefits,43,44 and some mind-body
interventions (yoga, tai chi) are explicit combinations
of physical activity and mindfulness.45
To further examine the mechanisms responsible for
the beneficial effects of mindfulness and exercise on
cognition, including effects on neurobiological and
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Figure 1. Rationale for the MEDEX study.

Figure 2. Study design for the MEDEX study.

metabolic functioning, we designed a 2 3 2 factorial
design randomized controlled trial (NCT02665481), in
which participants were randomized to exercise only,
MBSR only, exercise and MBSR, or a health education
control condition (Figure 2). The 2 3 2 factorial
design is optimal for testing the effects of each

intervention and for testing the combined effects. Such
a design is particularly appropriate for detection of
interactive effects: synergistic effects (e.g. exercise is a
therapeutic permissive for MBSR) or interfering effects
(e.g. exercising reduces ability or motivation to engage
in meditation).
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The primary outcome measures were memory and
cognitive control (executive function), derived from a
set of well-validated cognitive assessment tools. We
also conducted multiple assessments at baseline and
endpoint that evaluated fitness, brain functional connectivity and structural integrity, insulin sensitivity,
cortisol levels, body composition, daily activity, and
sleep, as mediators and/or moderators of the interventions’ effects on cognitive function. We hope to answer
the following questions: Does exercise and/or MBSR
improve cognitive function in healthy older adults?
What are the mechanisms? Who benefits the most? The
specific aims and hypotheses for the ongoing randomized trial are as follows:
Aim 1. Examine effects of MBSR, exercise, and their
combination for remediation of memory and cognitive
control, with secondary outcomes of everyday cognition, functional performance, and social participation
and engagement.
H1: MBSR and exercise will each produce benefits in
healthy older adults’ cognitive performance, and combined MBSR + exercise will show greater cognitive
improvements than either intervention alone.
Aim 2. Examine mechanistic changes that underlie cognitive remediation from MBSR and exercise.
H2: (a) Decrease in peak cortisol accounts for improvements with MBSR.
(b) Increased insulin sensitivity, aerobic fitness, and
Brain-Derived Neurotrophic Factor account for
improvements with exercise.
Aim 3. Examine whether the interventions cause
changes in brain structure and functional connectivity
and whether these plastic changes help explain the cognitive improvements.
H3: Improved functional connectivity within and across
specific cognitive networks and increased volume of
hippocampal and lateral prefrontal regions account for
improved cognitive function with the interventions.
Aim 4. Examine predictors of variability in response to
the interventions.
H4: Baseline cortisol and insulin sensitivity will predict
degree of cognitive remediation from MBSR and exercise, that is, high baseline cortisol will predict greater
improvement from MBSR, while low insulin sensitivity
will predict greater improvement from exercise.
We first carried out a small pilot study to determine
the feasibility of our combined exercise and MBSR
intervention prior to beginning the full-scale randomized, controlled trial. In this article, we (1) describe
the protocol for the full-scale randomized controlled
trial, (2) provide results from the non-randomized pilot
participants, and (3) describe the recruitment strategies,
study implementation challenges, and baseline characteristics of the randomized controlled trial sample.
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Method
The MEDEX study is conducted at two sites,
Washington University in St. Louis and the University
of California San Diego. Inclusion criteria are age 65–
84 years, home-dwelling, self-reported cognitive complaints, sedentary lifestyle (defined as no current participation in structured exercise for the purpose of
improving fitness, more than 1 day/week for 30 min or
longer), and not currently practicing meditation.
Exclusion criteria are a diagnosis of dementia or other
neurodegenerative disease; psychotic disorders or other
unstable psychiatric conditions; serious medical conditions that would prohibit safe participation in the interventions (e.g. cardiovascular disease) or would interfere
with assessments (e.g. ferromagnetic implants which
would interfere with magnetic resonance imaging); language, hearing, or visual impairment that would prevent participation; alcohol abuse or illicit drug use
within 6 months; current participation in cognitive
training programs; and use of medications that would
interfere with or confound the results of assessments
(e.g. glucocorticoids or diabetes medications).
Our goals with respect to inclusion and exclusion
criteria were to maximize generalizability of results,
consistent with our goal of examining cognitive remediation strategies in healthy older adults. For example,
we allowed for individuals with preclinical Alzheimer’s
disease as well as depression or anxiety in order to
avoid drawing a ‘‘supernormal’’ population devoid of
significant medical or mental health conditions. We
were also attentive to the grant program announcement’s focus on interindividual heterogeneity and with
findings that older adults with anxiety, depression, and
pain are the most likely to participate in mind-body
treatments.
Prior to randomization, each potential participant
undergoes a screening battery of medical assessments.
These include a medical records review and a maximal
graded exercise cardiac stress test to determine safety
for participation. Results outside of safety norms are
referred back to participants’ primary care providers
for further workup and treatment if indicated.
Individuals with subsequent normal cardiac workup
and clearance from the primary care provider are
allowed to enroll.

Assessments
The primary outcomes for this study are memory and
cognitive control (executive function) which are measured at baseline and at 3, 6, and 18 months after randomization. We focus on these specific outcomes for
several reasons: first, the hypothesized mechanisms for
cognitive effects of exercise and MBSR, reduction of
chronic hypothalamic-pituitary-adrenal axis hyperactivity and improved insulin sensitivity, primarily affect
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frontal and hippocampal brain regions that are responsible for memory and cognitive control. Second, our
pilot data provide support for effects on these domains.
We administer an extensive battery of tests that will
enable us to determine whether any changes are
restricted to or more prominent in our hypothesized
domains, relative to other cognitive functions.
Memory measures are immediate and delayed word
list and paragraph recall using one 16-item list and two
paragraphs developed at Washington University for
repeated administrations during longitudinal studies
(i.e. different list and paragraphs at each time point),18
and the Picture Sequence Memory test from National
Institutes for Health Toolbox.46 We chose the verbal
measures because they were reliable and sensitive to
change in our pilot work. We chose the National
Institutes for Health Toolbox measure to include a
non-verbal test. Cognitive control measures are the
Dimensional Change Card Sort, Flanker, and listsorting working memory from National Institutes for
Health Toolbox,47 and three computer-based tests: the
Consonant-Vowel Odd-Even switching test,48 the
Sustained Attention to Response Test,49 and the
Stroop task.50 As recommended by the National
Institutes for Health, we chose Toolbox measures in
order to enable combination of our results with others.
The Consonant-Vowel Odd-Even switching test and
Sustained Attention to Response Test were sensitive to
change in our pilot work. The Consonant-Vowel OddEven switching test tests set-shifting by presenting
respondents with a letter-number pair and requiring
them to switch between deciding whether the letter is a
consonant or vowel and deciding whether the number
is odd or even. The Sustained Attention to Response
Test is a go-no go test that measures sustained attention, working memory, and inhibitory control. In the
version of the Stroop administered in this study, a computer displays four color words (red, blue, green, yellow) and four neutral words (bad, poor, deep, legal), in
congruent, incongruent, and neutral conditions.51
In constructing the Memory and the Cognitive
Control composite variables, a z-score is computed for
each participant ((participant score 2 mean)/standard
deviation (SD)) using the mean and SD of that variable
computed on all participants at baseline. The composite variable is then created by averaging the z-scores of
all available variables that are associated with each
composite.
A secondary cognitive outcome is the Observed
Tasks of Daily Living-Revised,52 a performance-based
test measuring functional cognition, or the ability to
perform cognitively demanding instrumental activities
of daily living, including managing finances and medications. We chose this measure with an eye to the clinical relevance and public health significance of our
results; ultimately, ability to live independently in the
real world is of more importance to older adults than is
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the ability to score well on cognitive tests in the
laboratory.
MEDEX is an explanatory clinical trial. Its goal is
not only to clarify whether exercise and mindfulness
remediate age-related cognitive decline but also to
understand the mechanisms by which these interventions may do so, and who benefits the most based on
their baseline profile.53 To address the underlying
mechanisms, the MEDEX study includes numerous
secondary measures, including biomarkers, metabolic/
fitness variables, and behavioral/functional measures
carried out at baseline, 6 months, and 18 months.
Biomarkers include salivary cortisol, a measure of
hypothalamic-pituitary-adrenal axis activity, collected
at wake, 30 min post-wake, and bedtime for 3 consecutive days according to well-established procedures;54
and systemic markers of inflammation, assessed by
using a Meso Scale Discovery electrochemiluminescence assay55 to determine 14 plasma markers of
inflammation, including interleukin 1, interleukin 6,
interleukin 17, tumor necrosis factor, and eotaxin concentrations. We also store serum, plasma, and buffy
coat samples at each time point as well as DNA for
future analyses. We collect these data based in part on
results from our pilot work, in which MBSR appears
to alter stress-related biological pathways that contribute to cognitive changes in older adults, such as
hypothalamic-pituitary-adrenal axis hyperactivity. In
recent studies of MBSR, we showed that this mechanism contributes to cognitive remediation. We postulate
that improvements in aerobic fitness and insulin sensitivity and increased Brain-Derived Neurotrophic
Factor underlie exercise’s cognitive benefits in older
adults.
Metabolic and fitness assessments include (1) maximal graded exercise cardiac stress test to estimate cardiopulmonary fitness by using the length of time on the
treadmill to reach 85% of the age-predicted estimate
of maximum heart rate; (2) a 75-g 2-h oral glucose
tolerance test with sampling of insulin, glucose, and
c-peptide at 0, 90, and 120 min to assess glucose tolerance and insulin sensitivity;56,57 (3) homeostatic model
assessment of insulin resistance58 to provide a measure
of insulin resistance; (4) dual energy X-ray absorptiometry to assess body fat mass and fat-free mass; (5) the
Short Physical Performance Battery to assess walking
speed, lower extremity strength (chair stands), and balance;59 and (6) a center of pressure test of total sway to
assess balance.60
Behavioral and functional measures include the
Cognitive and Affective Mindfulness Scale-Revised,61
Patient Reported Outcomes Measurement Information
System self-report measures of Cognitive Concern,
Anxiety, Depression, Insomnia, Satisfaction with
Participation in Social Roles, and Ability to Participate
in Social Roles.62
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Physical activity is measured objectively using the
ActiGraph Link (ActiGraph Inc., Pensacola, FL,
USA), a tri-axial accelerometer that has previously been
used among adults, children, and adolescents in the
National Health and Nutrition Examination Survey63
and has consistently been shown to be both valid and
reliable in measuring light, moderate, and vigorous
physical activity.64–66 Participants wear the device continuously on their non-dominant wrist, except while
bathing or swimming, for 10 consecutive days.67–70
Data are processed so that absolute values from raw
data (in accelerations) are transformed into ‘‘counts’’
(ActiGraph’s proprietary metric) per minute in the x, y,
and z axes. These data are further aggregated into vector magnitude counts per minute. This metric incorporates intensity, frequency, and duration of acceleration
and is recommended for assessing the total volume of
physical activity in a 24-h period.71 The ActiGraph is
also used to distinguish sleep versus wakefulness at
night.72 Additional values derived include sleep latency,
wake after sleep onset, and sleep quality.73 We also use
a smartphone program to assess selected participant
self-reports (such as positive and negative affect) daily
for these 10-day periods (data from this program are
not available for the pilot group).
We attempt to obtain neuroimaging data from all
participants at baseline, 6 months, and 18 months.
Structural neuroimaging data are collected via highresolution (1 3 1 3 1 mm) T1-weighted images. The
magnetic resonance imaging protocols across the two
sites were designed to be as similar as possible. The
data are harmonized by comparing two control subjects that were scanned at both sites. In addition, large
amounts of control subject data are available from
both sites that will enable us to perform a more complete comparison for differences across scanners. Data
are analyzed with FreeSurfer;74 the key variables are
hippocampal volume and prefrontal gray matter
volumes, surface area, and thickness, corrected for
whole-brain volume. Structural magnetic resonance
images are also reviewed by a study neuroradiologist
who relays incidental findings to participants and/or
their providers. Functional neuroimaging data are collected using multi-echo echoplanar imaging to measure
the blood oxygen level–dependent signal while participants watch colorful, relaxing videos (no audio) of, for
example, underwater scenes. Scans are analyzed by
protocols developed at Washington University for isolating blood oxygen level-dependent-related signal and
motion correction,75 and then, the time courses in
regions of interest are correlated with one another to
reveal the coordinated activity of well-established
large-scale networks. Finally, pseudo-continuous arterial spin labeling protocols are used to collect wholebrain and regional perfusion estimates.
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Interventions
The goal of the interventions is for participants to
develop a regular and sustained practice in exercise
and/or mindfulness while benefiting optimally from
these practices. Therefore, each intervention arm began
with frequent, structured group sessions led by experts
who trained and supervised participants, with increasing home practice increasing over time. The exercise
intervention consists of twice-weekly group sessions for
6 months, followed by weekly group sessions for
12 months. All group sessions are led by experienced
fitness instructors and include aerobic, progressive
resistance training, and balance/mobility components.
A manual was developed to ensure consistency across
sites. Participants use treadmills, elliptical machines,
and/or stationary bikes to achieve 65% of their peak
heart rate at baseline, increasing to a rate of 70%–85%
of the peak heart rate as tolerated over the course of
the study. Strength training consists of performing one
or two sets of 12–15 repetitions of each of the 10 exercises on weight-lifting machines at a resistance of
approximately 65% of their one-repetition maximum
for the first 4–5 weeks, gradually increasing as tolerated to two sets at a resistance of up to 80% of onerepetition maximum, with 8–10 repetitions. Functional
resistance training consists of whole-body and compound muscle movements using body weight, dumbbells, and resistance bands. Participants also engage in
dynamic movements to challenge postural stability and
mobility. Home exercise is reinforced, to a goal of
150 min/week focused on aerobic and functional
activities.
MBSR is conducted by instructors who have at least
4 years of experience and a personal mindfulness practice. The intervention is delivered according to the standard MBSR protocol,76 as developed by Jon KabatZinn, Ph.D. After an orientation session, participants
meet for eight 2.5-h classes plus one 4-h retreat. They
are taught mindful breathing, eating, listening, and
everyday mindfulness; sitting, walking, and lying meditation; mindful movement (yoga); and loving-kindness
meditation. They are assigned daily home practice to
foster their learning. The only differences between the
study classes and standard community MBSR classes
are the shortening of the silent retreat from 1 day to a
0.5 day and the modification of some of the yoga exercises to account for age-related changes in flexibility
and musculoskeletal conditions, based on feedback
from older adults in previous studies by our research
team.18 After the 8-week class is completed, participants attend instructor-led monthly booster sessions
for the rest of the 18-month duration of the study.
Although monthly boosters are not standard MBSR
practice in most community settings, they are available
at University of California San Diego’s Center for
Mindfulness and are used to encourage continued
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practice. Daily home practice is reinforced, up to
45 min per day of formal meditative activities.
The health education control condition is based on a
chronic disease self-management program developed at
Stanford University77 and was used in a previous study
by the authors.78 It is designed to be time-equivalent to
MBSR, with 8 weeks of 2.5-h weekly group classes followed by monthly group classes through the end of the
study. This group-based intervention increases healthrelated knowledge and action. It improves disease management self-efficacy, but it does not teach mindfulness
techniques and does not involve exercise. Instructors at
both sites have backgrounds in social work, psychology, or nutrition and have experience leading health
education groups.

Adherence and fidelity
One challenge in behavioral interventions is measuring
adherence to the intervention. Measuring adherence is
critical, as it is the only way to quantify the ‘‘dose’’ of
the intervention that a given participant receives. These
data are essential to understand how much exercise
and/or MBSR one needs to do to reap the cognitive
benefits. There are two facets of adherence in the
MEDEX study: attendance at classes, and completion
of at-home practice. Tracking class attendance is
straightforward; tracking at-home practice is less so.
Simply asking that participants do a certain amount of
the activity each day or week is not enough; participants must report what they are actually doing so that
we can account for non-compliance, breaks in adherence due to sickness and injuries, and so on. However,
regularly reporting activity can be burdensome to participants, and using paper logs can result in inaccurate
data if participants try to fill it out days later. The
MEDEX study responded to this challenge with the
help of technology and feedback from the pilot participants. Study participants are asked to record their athome practice on an app that can be either downloaded
to their smartphone or used on an electronic tablet provided by the study. The app rings every day at the same
time, and participants have a window of 7 h to answer
the survey. The survey asks how many minutes of exercise and/or MBSR they have completed that day; this
serves as both a measurement and reinforcement of
adherence.
To ensure that instructors were carrying out the
interventions with good fidelity across sites, the exercise
instructors had regular phone calls to discuss and agree
on techniques, while MBSR and Health Education
instructors meet weekly with a supervisor. In the randomized, controlled trial, fidelity to the intervention is
monitored by video recording MBSR groups. MBSR
experts at the Center for Mindfulness Research and
Practice at Bangor University in Wales are rating these
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recordings according to mindfulness-based teaching
assessment criteria.

Results
Prior to starting the randomized controlled trial, the
study team determined that it was necessary to first test
the feasibility of recruiting and maintaining groups of
older adults simultaneously in exercise and mindfulness
training. Therefore, in an open trial, 29 older adults, 14
in St. Louis and 15 in San Diego, received simultaneous
MBSR and exercise interventions for 18 months.
Participants were 71.8 years old (SD = 5.7) and 65.5%
were women (Table 1). They were predominantly
Caucasian (93.1%, with the remaining 6.9% LatinX),
and 72.4% had at least a bachelor’s degree.
For biomarkers, actigraphy, and neuroimaging data,
outliers were removed if they fell outside of the two
interquartile ranges from the first and third quartiles.
For neuroimaging measures, data are presented for
regional brain size only, as analysis of functional and
perfusion images is still ongoing. Differences between
baseline and 6 months as well as baseline and
18 months in each variable were explored by using a
marginal model with time as a fixed effect and with an
unstructured covariance structure. Estimated marginal
means and standard errors are also provided (Table 2).
Level of significance was set to 5%. All analyses were
conducted in SPSS V24.
Pilot participants attended 79% of exercise sessions
and 84% of MBSR sessions during the acute phase of
the study. Both primary outcomes (memory composite
score and the cognitive control composite score)

Table 1. Demographics for the pilot sample and randomized
controlled trial sample.

Age (years), mean (SD)
Gender, n (%)
Male
Female
Ethnicity, n (%)
Hispanic or Latino
Not Hispanic or Latino
Race, n (%)
American Indian/Alaska Native
Asian
Black or African American
Native Hawaiian or Other
Pacific Islander
White
More than one race
Unknown/not reported
CIRS-G total score, mean (SD)

Pilot
(N = 29)

RCT
(N = 585)

71.8 (5.7)

71.5 (4.8)

10 (34.5)
19 (65.5)

161 (27.5)
424 (72.5)

2 (6.9)
27 (93.1)

39 (6.7)
546 (93.3)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

2 (0.3)
27 (4.6)
69 (11.8)
0 (0.0)

28 (96.6)
0 (0.0)
1 (3.4)
7.7 (4.3)

477 (81.5)
4 (0.7)
6 (1.0)
6.8 (2.9)

RCT: randomized controlled trial; SD: standard deviation; CIRS-G:
Cumulative Illness Rating Scale-Geriatric.

Memory Composite
Paragraph Recall-Immediate
Paragraph Recall-Delay
Word List Learning-Immediate
Word List Learning-Delay
Picture Sequence
Memory Test Raw Score
Cognitive Control Composite
Flanker Computed Score
List Sorting Working
Memory Raw Score
Dimensional Change Card Sort
Computed Score
CVOE Switch Trial Accuracy
CVOE Standardized
Global Switch Cost
SART No-Go Accuracy
SART Go Trial CoV
Stroop Switch Trial Accuracy
Stroop Standardized Switch Cost
Sensory Variables
Mars Letter Contrast
Sensitivity Test Contrast Sensitivity
Ishihara Color Vision Test
Number of Red-Green Plates
Correctly Identified
Number of Blue-Yellow Plates
Correctly Identified
Electronic Visual Acuity Score
Biomarkers (log10)
Peak Cortisol
IL-1 alpha
IL-1 beta
IL-6
IL-17A
TNF-alpha
TNF-beta
Eotaxin
Eotaxin-3

Variables

Table 2. Results from the pilot study.

0.92 (0.05)
21.00 (0.07)
21.97 (0.12)
20.18 (0.04)
0.08 (0.05)
0.36 (0.02)
20.69 (0.06)
1.96 (0.03)
0.72 (0.07)

0.98 (0.06)
21.13 (0.08)
22.42 (0.18)
20.12 (0.05)
0.12 (0.05)
0.33 (0.03)
20.62 (0.07)
1.92 (0.04)
0.66 (0.08)

0.98 (0.05)
21.07 (0.10)
22.28 (0.15)
20.13 (0.05)
0.10 (0.05)
0.36 (0.03)
20.66 (0.09)
1.92 (0.04)
0.72 (0.07)

23.10 (3.93)

22.28 (2.99)

0.95 (0.02)
0.22 (0.01)
0.72 (0.04)
0.20 (0.05)

1.92 (0.08)

0.93 (0.02)
0.20 (0.01)
0.74 (0.04)
0.23 (0.05)

0.93 (0.03)
1.49 (0.07)

1.76 (0.11)

0.93 (0.02)
0.21 (0.01)
0.70 (0.04)
0.27 (0.04)

0.92 (0.02)
0.24 (0.02)
0.66 (0.03)
0.18 (0.05)

0.93 (0.02)
1.51 (0.04)

7.85 (0.16)

13.12 (0.48)

0.91 (0.03)
1.35 (0.13)

0.89 (0.03)
1.36 (0.07)

7.77 (0.15)

0.22 (0.12)
7.94 (0.19)
16.71 (0.58)

13.03 (0.47)

7.62 (0.15)

7.59 (0.15)

0.14 (0.10)
8.00 (0.15)
16.15 (0.61)

0.36 (0.19)
46.24 (2.40)
40.70 (2.75)
35.01 (1.74)
7.91 (0.69)
17.50 (1.75)

18 months

1.70 (0.04)

0.09 (0.10)
7.99 (0.14)
16.44 (0.52)

0.00 (0.09)
7.99 (0.13)
15.59 (0.59)

0.53 (0.16)
48.05 (1.74)
45.38 (1.52)
35.17 (1.68)
8.37 (0.70)
18.40 (1.67)

6 months

1.69 (0.03)

0.38 (0.15)
45.23 (1.55)
41.94 (1.54)
34.30 (1.41)
8.12 (0.69)
17.65 (1.59)

3 months

0.00 (0.14)
44.59 (1.77)
38.79 (1.97)
30.45 (1.44)
6.90 (0.51)
14.93 (1.24)

Baseline

=
=
=
=
=
=

38.99, p \ 0.001*
3.63, p = 0.07
26.65, p \ 0.001*
17.41, p \ 0.001*
10.55, p = 0.003*
2.79, p = 0.10

F(1, 21.00)
F(1, 21.79)
F(1, 26.41)
F(1, 25.23)
F(1, 26.05)
F(1, 24.26)
F(1, 24.32)
F(1, 25.28)
F(1, 24.41)

F(1, 27.26)
F(1, 25.07)
F(1, 23.22)
F(1, 26.67)

=
=
=
=
=
=
=
=
=

=
=
=
=

=
=
=
=

0.79
0.03*
0.007*
0.37

0.001, p = 0.98
0.27, p = 0.61
0.89, p = 0.35
0.04, p = 0.85
0.22, p = 0.64
1.89, p = 0.18
0.24, p = 0.63
0.01, p = 0.91
0.59, p = 0.45

0.07, p
5.15, p
8.69, p
0.83, p

F(1, 28.39) = 1.86, p = 0.18
F(1, 28.52) = 3.35, p = 0.08

F(1, 25.63) = 2.51, p = 0.13

F(1, 24.21) = 7.03, p = 0.01*
F(1, 24.29) = 0.04, p = 0.84
F(1, 24.37) = 1.69, p = 0.21

F(1, 24.00)
F(1, 24.46)
F(1, 26.62)
F(1, 24.10)
F(1, 24.01)
F(1, 45.70)

Baseline/6 months

Marginal model results

=
=
=
=
=
=

9.35, p = 0.01*
0.76, p = 0.39
0.52, p = 0.48
14.57, p = 0.001*
5.80, p = 0.02*
1.44, p = 0.24

=
=
=
=

0.29, p
0.76, p
3.07, p
0.32, p

=
=
=
=

0.60
0.40
0.09
0.58

F(1, 21.16)
F(1, 18.23)
F(1, 26.01)
F(1, 24.71)
F(1, 23.83)
F(1, 21.41)
F(1, 26.96)
F(1, 25.40)
F(1, 22.67)

=
=
=
=
=
=
=
=
=

0.51, p
1.87, p
5.39, p
1.58, p
0.73, p
2.51, p
0.83, p
1.37, p
0.54, p

0.48
0.19
0.03*
0.22
0.40
0.13
0.37
0.25
0.47
(continued)

=
=
=
=
=
=
=
=
=

F(1, 23.58) = 0.17, p = 0.69

F(1, 27.65) = 3.15, p = 0.09

F(1, 23.09) = 0.40, p = 0.53

F(1, 25.20) = 0.08, p = 0.78

F(1, 20.02)
F(1, 11.61)
F(1, 23.20)
F(1, 25.34)

F(1, 27.01) = 1.54, p = 0.23
F(1, 26.72) = 2.38, p = 0.14

F(1, 24.53) = 4.05, p = 0.06

F(1, 23.01) = 7.85, p = 0.01*
F(1, 23.51) = 0.16, p = 0.69
F(1, 26.02) = 3.63, p = 0.07

F(1, 23.13)
F(1, 23.01)
F(1, 23.10)
F(1, 23.10)
F(1, 23.00)
F(1, 39.72)

Baseline/18 months
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3451.42 (77.62)
30509.65 (730.39)
11120.43 (334.13)
2.76 (0.04)

3450.31 (83.48)
30810.83 (778.33)
10945.75 (289.02)
2.82 (0.03)

38.89 (1.12)
67.11 (2.62)
13.96 (1.02)
13.36 (1.02)
19.88 (1.40)
32.12 (1.03)
29.66 (1.05)
21.80 (0.54)

36.35 (1.11)
65.55 (2.30)
15.00 (0.87)
13.35 (0.76)
20.62 (1.16)
30.79 (1.11)
28.97 (1.04)
19.31 (0.56)
1854.93 (112.56)
0.60 (0.07)
390.97 (9.51)

3.20 (0.13)
3.66 (0.15)
1.54 (0.04)

2.48 (0.20)
3.76 (0.11)
1.50 (0.04)

1883.77 (104.53)
0.64 (0.06)
393.82 (9.78)

6.32 (0.21)

6.27 (0.16)

6 months

0.33 (0.05)
379.89 (11.82)
3.49 (0.34)
44.99 (1.95)
38.10 (1.38)

37.49 (0.92)
66.03 (2.36)
13.96 (0.79)
13.28 (0.99)
19.76 (1.20)
31.20 (1.06)
29.35 (1.09)

3 months

0.36 (0.06)
368.41 (12.34)
3.71 (0.39)
44.98 (1.96)
38.58 (1.33)

Baseline

3421.55 (85.46)
30497.45 (736.45)
10981.31 (331.65)
2.79 (0.04)

1763.61 (91.75)
0.74 (0.08)
409.63 (10.37)

37.88 (1.05)
66.71 (2.71)
14.03 (1.02)
12.56 (0.87)
19.87 (1.36)
32.80 (0.98)
29.42 (1.16)
21.89 (0.53)

2.80 (0.23)
3.66 (0.14)
1.53 (0.03)

6.57 (0.23)

0.39 (0.05)
360.05 (11.58)
3.09 (0.30)
44.94 (1.99)
38.23 (1.47)

18 months

=
=
=
=
=

1.08, p
1.17, p
8.53, p
0.06, p
0.38, p

=
=
=
=
=

0.31
0.29
0.009*
0.81
0.55

=
=
=
=
=
=
=
=

8.67, p = 0.007*
0.86, p = 0.36
1.63, p = 0.21
0.003, p = 0.96
0.42, p = 0.52
1.55, p = 0.22
0.37, p = 0.55
15.44, p = 0.001*

F(1, 19.73)
F(1, 17.02)
F(1, 17.46)
F(1, 17.01)

=
=
=
=

0.01, p
2.16, p
1.75, p
1.88, p

=
=
=
=

0.91
0.16
0.20
0.19

F(1, 23.20) = 0.20, p = 0.66
F(1, 25.05) = 0.73, p = 0.40
F(1, 24.43) = 0.01, p = 0.91

F(1, 25.37)
F(1, 24.08)
F(1, 24.48)
F(1, 24.02)
F(1, 24.31)
F(1, 26.53)
F(1, 25.20)
F(1, 24.01)

=
=
=
=
=
=
=
=

1.96, p = 0.17
0.22, p = 0.64
1.09, p = 0.31
1.71, p = 0.20
0.21, p = 0.65
3.99, p = 0.06
0.39, p = 0.54
16.71, p \ 0.001*

F(1, 18.25)
F(1, 18.19)
F(1, 18.82)
F(1, 19.85)

=
=
=
=

0.70, p
2.04, p
0.09, p
0.86, p

=
=
=
=

0.42
0.17
0.77
0.37

F(1, 24.21) = 3.58, p = 0.07
F(1, 19.34) = 2.28, p = 0.15
F(1, 23.14) = 2.97, p = 0.10

F(1, 24.92)
F(1, 23.08)
F(1, 23.48)
F(1, 23.44)
F(1, 22.99)
F(1, 25.90)
F(1, 23.16)
F(1, 23.14)

F(1, 25.68) = 1.77, p = 0.20
F(1, 24.95) = 0.59, p = 0.45
F(1, 24.31) = 1.88, p = 0.18

F(1, 23.61)
F(1, 19.07)
F(1, 19.83)
F(1, 23.00)
F(1, 23.02)

F(1, 28.84) = 16.07, p \ 0.001*
F(1, 25.86) = 0.43, p = 0.52
F(1, 24.04) = 3.53, p = 0.07

0.62, p = 0.44
1.43, p = 0.24
0.74, p = 0.40
0.001, p = 0.98
1.15, p = 0.30

F(1, 23.33) = 2.27, p = 0.15

=
=
=
=
=

Baseline/18 months

F(1, 24.79) = 0.07, p = 0.79

F(1, 25.91)
F(1, 24.88)
F(1, 17.47)
F(1, 23.95)
F(1, 24.03)

Baseline/6 months

Marginal model results

CVOE: Consonant-Vowel Odd-Even; SART: Sustained Attention to Response Test; IL: interleukin; TNF: tumor necrosis factor; HOMA-IR: homeostatic model assessment of insulin resistance; OGIS: oral glucose
insulin sensitivity; ISI: insulin sensitivity index; COP: center of pressure; CAMS-R: Cognitive and Affective Mindfulness Scale-Revised; LH: Left Hemisphere; OTDL-R: Observed Tasks of Daily Living-Revised; RH:
Right Hemisphere; VM-CPM: vector magnitude counts per minute; SPPB: Short Physical Performance Battery.
Statistics are estimated marginal means and standard errors.
*
A significant result at the 5% level.

Metabolic/fitness
HOMA-IR (log)
OGIS
ISI
Lean body mass (kg)
Percent fat (region)
SPPB
25-ft Walk; Fastest of 2 Regular
Time Walks
Chair Stands Score (0–4)
Balance Tests Total Score (0–4)
COP-Derived Total Sway
for Better Balance
Tests (cm; log)
Behavioral Functional
Raw Scores
CAMS-R
Cognitive Function
Anxiety
Depression
Insomnia
Satisfaction with Social Roles
Participation in Social Roles
OTDL-R
ActiGraph data
VM-CPM
Latency (log)
Total sleep time
Neuroimaging (Avg RH/LH)
Hippocampal volume
Gray matter volume
Surface area
Thickness

Variables

Table 2. Continued
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improved over the course of participation (Table 2).
The main effect of time was significant at both 6 and
18 months. Significant improvements were noted at
6 months for delayed paragraph recall, immediate and
delayed list recall, and picture sequence memory. At
18 months, immediate and delayed list recall remained
significantly improved. With respect to the individual
cognitive control tests, the Sustained Attention to
Response Test Go Trial coefficient of variance and
Stroop switch trial accuracy were significantly
improved at 6 months. No changes in individual cognitive control tests were statistically significant at
18 months. We also found significant increases in
Observed Tasks of Daily Living-Revised scores at 6
and 18 months.
With respect to secondary outcomes and markers,
we found improvements in chair stands and mindfulness at 6 months and in plasma IL-1beta concentration
at 18 months, without correction for multiple comparisons. No other changes in biomarkers, metabolic/fitness
measures, activity levels, or brain volumes were statistically significant.
The pilot group participants also provided feedback
that we used to hone our materials and processes in
preparation for the randomized controlled trial. For
example, they recorded their at-home practice (e.g. of
exercise) on weekly paper logs but turned in these logs
sporadically, sometimes with data mislabeled or missing. Participants told us (1) we were asking questions
that were too specific (e.g. we asked how many minutes
they spent doing strength exercises, and how many
minutes they spent doing functional exercises. They did
not understand the difference between these two questions.); (2) they were forgetting to fill out the logs in
real time and could not remember what activities they
had done in order to fill it out later; and (3) they were
losing the logs. Therefore, for the randomized controlled trial, we shortened the number of questions (i.e.
we made strength and functional one category) and
implemented an electronic system that sent auditory
prompts, was answered in real time, and was less likely
to get lost since it was completed on a smartphone or
tablet.

Randomized controlled trial
We completed recruitment for the randomized controlled trial in January 2019. The intended sample size
was 580, but each site exceeded their target slightly,
resulting in a randomized n = 585 (291 in St. Louis
and 294 in San Diego). Demographic information
appears in Table 1; participants were 71.5 years old
(SD = 4.8), 73% were women, and 75% were nonHispanic White. Currently, the last participants are in
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the maintenance phase, with final data collection to be
completed in July 2020.

Design features of the randomized controlled trial
This was a factorial design trial: all participants were
simultaneously randomized to receive or not receive
exercise, and to receive or not receive MBSR. This
design is considered ideal for randomized controlled
trials testing multiple interventions, as it allows for
using the entire randomized controlled trial sample to
test each intervention.79 This study design also allows
researchers to examine whether there is an interactive
effect of the two interventions—for example, does
engaging in MBSR plus exercise have an additive effect
(based on complementary mechanisms), a synergistic
effect, or an interfering effect (based on competing
demands or ceiling effects). Factorial design studies
may be particularly useful for testing combination
interventions in areas such as age-related cognitive
decline, in which it is unlikely that the effect size of a
single intervention modality will be sufficient in the
aggregate and in the real world many individuals will
be participating in more than one intervention at a time
(for example, making physical activity and dietary
changes). Factorial designs also have several challenges.80 In our case, one challenge was whether participants would have reduced adherence to the
combination of exercise and MBSR, undermining the
design; however, our pilot data showed that this did
not appear to be a problem. It also raised the question
of the appropriate control intervention in the case of
participants randomized to no exercise and no MBSR.
Ultimately, we settled on Health Education, based on
the principle of providing an intervention to all participants to reduce expectancy, and controlling for time
and attention.

Recruitment into the randomized controlled trial
The challenges of recruiting older adults into clinical
trials are well documented.81–84 Because of the large
sample size and relatively tight inclusion/exclusion criteria of the randomized controlled trial, we generated a
robust recruitment plan in order to meet overall and
minority-specific recruitment goals. In the later years of
the study, we were able to receive a supplement from
the funding institute so that we could hire recruitment
specialists to help meet these goals. Key recruitment
strategies that worked were media stories (both newspaper and television), online sources, targeted mailings,
word of mouth, flyers, and research participant registries (Table 3). We were able to meet our recruitment
goal on time, with an adequate level of racial and
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Table 3. Recruitment by source in the randomized controlled trial (total n = 585 randomized).
Recruitment tactic

Number of randomized
participants from this source

Percentage of sample
from this source

Online sources (i.e. website, Facebook, Trialspark)
Press (TV, newspaper, magazine, etc)
Recruitment letter
Word of mouth
Flyer
Other/unknown
University-wide research registry
Referred from different study
Physician referral

146
145
89
79
47
37
21
8
1

25.48%
25.31%
15.53%
13.79%
8.20%
6.46%
3.66%
1.40%
0.17%

ethnic diversity, given that this is an older adult sample
with requirements to be an English speaker.

Conclusion
MEDEX is a large-scale, explanatory, randomized controlled trial designed to test the efficacy and mechanisms of two readily available non-pharmacological
interventions—MBSR and exercise—alone and in combination, for remediating age-related cognitive decline
in adults aged 65 years and older. In addition to the primary outcome variables of memory and cognitive control, we are investigating biomarker, metabolic/fitness,
behavioral/functional, activity, and neuroimaging variables in order to test potential mechanisms of change
and secondary outcomes. To our knowledge, this study
represents one of the largest exercise studies and the
largest study of a mindfulness intervention to date in
older healthy adults. When complete, it should provide
an understanding of whether and in whom these commonly available behavioral interventions benefit cognitive functioning.

Benefits of conducting pilot testing
We conducted an open-label pilot study involving 29
adults from both sites receiving both active interventions to determine whether it was feasible to carry out
a combination behavioral intervention study of this
scope. We found that it is feasible to simultaneously
engage study participants in both MBSR and exercise
interventions, and with high retention rates.
Anecdotally, we also found that carrying out a pilot
study was beneficial for improving study procedures.
We also found preliminary evidence supporting our
hypotheses that the combination of exercise and
MBSR improves memory and cognitive control over
time (Table 1). We further found improvements in a
performance-based measure of instrumental activities
of daily living, the Observed Test of Daily LivingRevised. These preliminary findings will be robustly
tested in our full-scale randomized controlled trial that

includes a comparator condition. The results may support the efficacy of two readily available behavioral
interventions for preserving cognitive function and,
more importantly, independence, with aging.

Limitations of the study
Some limitations of the MEDEX study bear mention.
First, the Short Physical Performance Battery may not
be the most sensitive to change due to ceiling effects in
a sample of community-dwelling healthy older adults.
Similarly, a measure of dynamic balance would have
been a helpful addition to the sway test measure of static balance employed. In addition, the sample is relatively young, mainly White, and quite healthy. Thus,
results may not generalize to the overall population of
older adults with cognitive concerns.
The MEDEX study is a large randomized controlled
trial that will evaluate the potential benefits and
mechanisms of two commonly available interventions
for age-related cognitive decline: MBSR and exercise.
We have shown that this study is feasible and has
resulted in a large sample of older adults. We anticipate
our findings will affect our understanding of how to
remediate age-related cognitive decline. Insights from
MEDEX could inform the community whether, how,
and in whom exercise and mindfulness training each
provide benefits for cognitive functioning, potentially
with greater benefits from the combination of both
interventions. In particular, we expect to demonstrate
that exercise and mindfulness training impact physiological processes related to aging,85 such as insulin sensitivity, inflammation, and stress hormone levels.86–88
We will also test whether brain structural and functional changes mediate the cognitive benefits of the
interventions on neuropsychological performance and
behavioral measures of everyday functioning. This
study has considerable clinical implications because of
its potential to establish the use of behavioral interventions to preserve cognitive function and independence
in older adults.
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